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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1]A closed cylinder. 

A displacer which has the refrigerant-gas passage which accommodated a cold reserving 
material inside while having been slidably arranged in this cylinder. 
A means for making this displacer reciprocate. 

A feed port and an outlet of a refrigerant gas which were provided in the end side of said 
cylinder. 

A refrigerant-gas guiding-and-ejection means for repeating a process made to discharge from 
said outlet after making it relate to reciprocation of said displacer and introducing a 
high-pressure refrigerant gas in said cylinder from said feed port. 

It is the cryogenic refrigerator provided with the above, and inside of said refrigerant-gas 
passage consisted of a flow direction of said refrigerant gas, and two or more channels mostly 
formed along a uniform direction. 

[Claim 2]The cryogenic refrigerator according to claim 1 constituting a channel of front plurality 
in concentric circle shape mostly. 

[Claim 3]The cryogenic refrigerator according to claim 1, wherein said displacer received radially, 
and said two or more channels comprised a channel of the inside and the outside and have 
arranged a cold reserving material with small particle diameter to outer passages as compared 
with an inside channel. 

[Claim 4]The cryogenic refrigerator according to claim 1 having arranged a cold reserving 
material with small particle diameter by a radial direction of a channel of said concentric circle 
shape as the outside. 
[Claim 5]A closed cylinder. 

A displacer which has the refrigerant-gas passage which accommodated a cold reserving 
material inside while having been slidably arranged in this cylinder. 
A means for making this displacer reciprocate. 

A feed port and an outlet of a refrigerant gas which were provided in the end side of said 
cylinder. 

A refrigerant-gas guiding-and-ejection means for repeating a process made to discharge from 
said outlet after making it relate to reciprocation of said displacer and introducing a 
high-pressure refrigerant gas in said cylinder from said feed port. 

A member for said displacer to make the rate of flow of this granular cold reserving material and 
said refrigerant gas equalizing mostly radially was laminated by turns using a cold reserving 
material are the cryogenic refrigerator provided with the above and granular as said cold 
reserving material. 
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[Claim 6]The cryogenic refrigerator according to claim 5 constituting said member from a mesh 
or glass wool. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Objects of the Invention] 
(Field of the Invention) 

This invention relates to a cryogenic refrigerator and relates to the freezer of a cool storage type 

especially. 

(PRIOR ART) 

There are various types of the freezers for very low temperature. The freezer of the Gifford 
McMahon type is in these. This freezer is usually constituted, as shown in Drawing 1 1 . 
That is, this freezer comprises another ****, the cold head 1, and the refrigerant-gas guiding- 
and-ejection system 2 greatly. The cold head 1 comprises the closed cylinder 11, the displacer 
12 accommodated in this cylinder 1 1 enabling free reciprocation, and the motor 13 which gives 
power required for reciprocation to this displacer 12. 

the cylinder 11 — a major diameter — the 1st cylinder comprises 14 and this 2nd cylinder 15 of 
the byway connected to 14 in same axle the 1st cylinder. And the 1st cylinder of the one-step 
stage [ the 2nd cylinder of] 16 as a cooling surface is constituted from a common-wall portion 
of 15 with 14, and the low-temperature two-step stage 17 consists of tip wall portions of the 
cylinder 15 from the one-step stage 16. The displacer 12 comprises the 1st displacer 18 that 
reciprocates the inside of 1st cylinder 14, and the 2nd displacer 19 that reciprocates the inside 
of 2nd cylinder 15. The 1st displacer 18 and the 2nd displacer 19 are connected with shaft 
orientations by the connecting member 20. Inside the 1st displacer 18, the fluid channel 21 
prolonged in shaft orientations is formed. 

The cold reserving material 22 formed by the copper mesh etc. is accommodated in this fluid 
channel 21. 

Similarly the fluid channel 23 prolonged in shaft orientations is formed also inside the 2nd De Dis 
place 19, and the cold reserving material 24 formed with the leaden ball etc. is accommodated in 
this fluid channel 23. Between the inner skin of 15, it is equipped [ peripheral face / of the 1st 
displacer 18 ] with the 1st cylinder of the sealing machine styles [ the 2nd cylinder of] 25 and 
26, respectively between the inner skin of 14, and with the peripheral face of the 2nd displacer 
19. 

The figure Nakagami end of the 1st displacer 18 is connected with the axis of rotation of the 
motor 13 via the connecting rod 31, the Scotch yoke, or the crankshaft 32. Therefore, if the axis 
of rotation of the motor 13 rotates, as the displacer 12 shows by the figure inner substance line 
arrow 33 synchronizing with this rotation, it will reciprocate. 

The 1st cylinder of the feed port 34 and the outlet 35 of the refrigerant gas are provided in the 
side wall upper portion of 14, and these feed ports 34 and the outlet 35 are connected to the 
refrigerant-gas guiding-and-ejection system 2. The refrigerant-gas guiding-and-ejection system 
2 constitutes the gaseous helium circulatory system which went via the cylinder 1 1, and has 
become what connected the outlet 35 to the feed port 34 via the low pressure valve 36, the 
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compressor 37, and the high-pressure valve 38. Namely, this refrigerant-gas guiding- 
and-ejection system 2 compresses low-pressure (about 5 atm(s)) gaseous helium into high 
voltage (about 18 atm(s)) with the compressor 37, and sends it in in the cylinder 11. And opening 
and closing of the low pressure valve 36 and the high-pressure valve 38 are controlled by the 
relation later mentioned in relation with reciprocation of the displacer 12. 
It is as follows when operation of the freezer constituted in this way is explained briefly. The 
portion which chill generates in this freezer, i.e., the portion with which a cooling surface is 
presented, is with the 1st stage 16 and the 2nd stage 1 7. These get cold to 30K and about 10K, 
respectively, when there is no heat load. For this reason, between the figure Nakagami lower 
ends of the 1st displacer 18, the temperature gradient from ordinary temperature (300K) to 30K 
sticks, and the temperature gradients from 30K to 10K stick between the figure Nakagami lower 
ends of the 2nd displacer 19. However, this temperature changes with the heat loads of each 
stage, and it usually becomes between 10-20K on the one-step stage 16 by 30 - 80 K or 2-step 
stage 17. 

If the motor 13 starts rotation, the displacer 12 will reciprocate between a bottom dead point and 
top dead centers. When the displacer 12 is in a bottom dead point, the high-pressure valve 38 
opens and high-pressure gaseous helium flows in the cold head 1. Next, the displacer 12 moves 
to a top dead center. Like the above-mentioned, it is equipped [ peripheral face / of the 1st 
displacer 18 ] with the 1st cylinder of the sealing machine styles [ the 2nd cylinder of] 25 and 
26 between the inner skin of 15, respectively between the inner skin of 14, and with the 
peripheral face of the 2nd displacer 19. For this reason, if the displacer 12 goes to a top dead 
center, high-pressure gaseous helium passes along the fluid channel 23 formed in the fluid 
channel 21 formed in the 1st displacer 18, and the 2nd displacer 19, It flows into the one-step 
expansion chamber 39 and the 2nd displacer 19 which were formed between the 1st displacer 18 
and the 2nd displacer 1 9, and the two-step expansion chamber 40 formed between the tip walls 
of 15 the 2nd cylinder. In connection with this flow, high-pressure gaseous helium is cooled by 
the cold reserving materials 22 and 24, and the high pressure helium gas with which the high 
pressure helium gas which flowed into the one-step expansion chamber 39 flowed about into 
30K after all again at the two-step expansion chamber 40 is cooled by about 8K. Here, the 
high-pressure valve 38 closes, the low pressure valve 36 opens, thus if the low pressure valve 
36 opens, the high pressure helium gas in the one-step expansion chamber 39 and the two-step 
expansion chamber 40 will expand, and chill will be generated. The 1st stage 16 and the 2nd 
stage 1 7 are cooled by this chill. And the displacer 12 moves to a bottom dead point again, and 
gaseous helium in the one-step expansion chamber 39 and the two-step expansion chamber 40 
is eliminated in connection with this. The gaseous helium which expanded is warmed by the cold 
reserving materials 22 and 24 while passing along the inside of the fluid channel 21 and 23, 
serves as ordinary temperature and is discharged. The cycle mentioned above is repeated 
hereafter and refrigerating operation is performed, this type of freezer — cooling of a 
superconductivity magnet, and cooling of an infrared sensor — or it is used as a cooling source 
of a cryopump again. 

However, there were the following problems in the conventional cryogenic refrigerator 
constituted as mentioned above. That is, the tube-like fluid channel 23 is formed in the 2nd 
displacer 19, and the inside is filled up with the spherical or granular cold reserving material 24. 
The place and center section of the rate of flow which measured the velocity distribution of the 
flow of gaseous helium in the channel where it filled up with the ball or the grain were the latest, 
and it was observed that the rate of flow becomes quick, so that it went outside at the 
circumferencial direction. It is in the state which must carry out gaseous helium and heat 
exchange with a cold reserving material of a certain portion superfluous to this meaning that 
much gaseous helium is flowing only into a certain portion in the cold reserving material 24, and 
gaseous helium and the cold reserving material 24 performing heat exchange. 
It is shown that the cold reserving material 24 is not used effectively. 
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Therefore, reduction of cool storage efficiency (heat exchanging efficiency as regenerator) here 
will be caused, and it will lead to reduction of the refrigerating capacity in a certain temperature 
as a result 

(Object of the Invention) 

Like ****, in the regenerator in which the granular or spherical cold reserving material was 

accommodated, since a bias arose with a gaseous helium flow, a cold reserving material could 

not be used effectively, but cool storage efficiency fell owing to this, and there was a problem 

that refrigerating capacity was low, in the conventional cryogenic refrigerator. 

Then, it aims at providing the cryogenic refrigerator where can carry out the homogeneity of this 

invention and it can have a flow of gaseous helium in a cold reserving material and which can 

raise refrigerating capacity. 

[Elements of the Invention] 

(The means for solving a technical problem) 

To achieve the above objects, a cylinder closed in this invention and a displacer which has the 
refrigerant-gas passage which accommodated a cold reserving material inside while being 
slidably arranged in this cylinder, A means for making this displacer reciprocate, and a feed port 
and an outlet of a refrigerant gas which were provided in the end side of said cylinder, In a 
cryogenic refrigerator provided with a refrigerant-gas guiding-and-ejection means for repeating a 
process made to discharge from said outlet after making it relate to reciprocation of said 
displacer and introducing a high-pressure refrigerant gas in said cylinder from said feed port, It is 
characterized by constituting inside of said refrigerant-gas passage from a flow direction of said 
refrigerant gas, and two or more channels mostly formed along a uniform direction. 
It is characterized by constituting a channel of front plurality in concentric circle shape mostly. 
It is characterized by said displacer s having received radially, and said two or more channels' 
having comprised a channel of the inside and the outside, and having arranged a cold reserving 
material with small particle diameter to outer passages as compared with an inside channel. 
It is characterized by having arranged a cold reserving material with small particle diameter by a 
radial direction of a channel of said concentric circle shape as the outside. 

A closed cylinder and a displacer which has the refrigerant-gas passage which accommodated a 
cold reserving material inside while being slidably arranged in this cylinder, A means for making 
this displacer reciprocate, and a feed port and an outlet of a refrigerant gas which were provided 
in the end side of said cylinder. In a cryogenic refrigerator provided with a refrigerant-gas 
guiding-and-ejection means for repeating a process made to discharge from said outlet after 
making it relate to reciprocation of said displacer and introducing a high-pressure refrigerant gas 
in said cylinder from said feed port, It is characterized by laminating a member for said displacer 
to make the rate of flow of this granular cold reserving material and said refrigerant gas equalize 
mostly radially by turns using a cold reserving material granular as said cold reserving material. 
It is characterized by constituting said member from a mesh or glass wool. 
(OPERATION) 

Since the channel of gaseous helium and the shape of the cold reserving material have become 
like said relation, the bias of the flow of gaseous helium in a cold reserving material decreases 
substantially. Therefore, improvement in refrigerating capacity is realizable. 
(EXAMPLE) 

Hereafter, the 1st example is described, referring to drawings. 

The cryogenic refrigerator concerning one example of this invention is shown in Drawing 1 . 
Drawing 1 1 and identical parts are shown by identical codes in this figure. Therefore, explanation 
of the overlapping portion is omitted. 

The point that the cryogenic refrigerator concerning this example differs from the conventional 
cryogenic refrigerator is formed in the 2nd displacer 1 9. 

It is in the composition of the fluid channel 41 of the gaseous helium in which the cold reserving 
material is accommodated. 
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In the fluid channel 41, the pipe 42 is formed at the flow and concentric circle shape of gaseous 
helium. 

The channel of gaseous helium is divided into the inside 43 and the outside 44 of the pipe 42. 
Furthermore, in the fluid channel 43, the spherical cold reserving material 45 0.4 mm in diameter 
is accommodated, and the spherical cold reserving material 46 0.2 mm in diameter is 
accommodated in the fluid channel 44. 

Since the channel of gaseous helium is divided into the flow direction and the uniform direction 
by two as it is such composition, and the cold reserving material 45 with a big diameter is 
accommodated in the inside method of fluid channel 43, The quantity of the gaseous helium 
which pressure loss becomes small, has and flows through the inside fluid channel 43 can 
decrease the bias of the flow of gaseous helium substantially compared with increase and the 
former. Therefore, the cool storage efficiency by the cold reserving materials 45 and 46 can be 
raised, and improvement in refrigerating capacity can be aimed at 

The measurement result of the velocity distribution within the cold reserving material of gaseous 
helium in the fluid channel of this invention shown in the fluid channel and Drawing 2 of the 
former shown in Drawing 12 is shown in Drawing 3 . This is the result of also making equal 
quantity and construction material of the outer diameter and cold reserving material of a fluid 
channel, and measuring it by ordinary temperature and a state of rest. Although it differs from a 
actual service condition (very low temperature, reciprocation), it turns out that the velocity 
distribution of gaseous helium is approaching uniformly. It is thought that this tendency is 
reflected also on a service condition. The freezing curve of the cryogenic refrigerator concerning 
this invention incorporating the fluid channel 41 shown in the cryogenic refrigerator and Drawing 
2_of the former incorporating the fluid channel shown in Drawing 1 2 is shown in Drawing 4 . A 
horizontal axis shows the temperature (K) of the 2nd stage 1 7, and the vertical axis shows the 
heat load (W) added to the 2nd stage 1 7. As shown in this figure, the cryogenic refrigerator of 
this invention of the capability which can be frozen at the same temperature is larger. Therefore, 
it is understood by having established the fluid channel 41 of the above-mentioned composition 
that refrigerating capacity may be raised. In this example, although the fluid channel was divided 
into concentric circle shape by two channels, plural [ two or more ] may be sufficient as it. 
Although the 2nd example is shown in Drawing 5 . in the fluid channel 41, the pipe 42 is formed 
the flow and the shape of the same axle of gaseous helium. 

The size in particular of the particle diameter of the cold reserving material 24 is not changed 
only by the channel of gaseous helium being divided into the inside 43 and the outside 44 of the 
pipe 42. 

Even if it is such composition, the channel of gaseous helium is divided into the flow direction 
and the uniform direction by two, and can decrease the bias of the flow of gaseous helium 
substantially compared with the former. Therefore, the cold reserving material 24 can raise cool 
storage efficiency, and improvement in refrigerating capacity can be aimed at. 
The measurement result of the velocity distribution within the cold reserving material of gaseous 
helium in the fluid channel of this invention shown in the fluid channel and Drawing 6 o f the 
former shown in Drawing 1 2 is shown in Drawing 7 . This is the result of also making equal the 
outer diameter of a fluid channel, and the quantity, the shape, the size and construction material 
of a cold reserving material, and measuring them by ordinary temperature and a state of rest. 
Although it differs from a actual service condition (very low temperature, reciprocation), it turns 
out that the velocity distribution of gaseous helium is approaching uniformly. It is thought that 
this tendency is reflected also on a service condition. In this example, although the fluid channel 
was divided into concentric circle shape by two channels, plural [ two or more ] may be 
sufficient as it It may not be concentric circle shape and shape is not restricted to a tube, 
either. 

Next, the 3rd example is described. 
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The cryogenic refrigerator concerning the 3rd example of this invention is shown in Drawing 8 . 
The point that the cryogenic refrigerator concerning this example differs from the cryogenic 
refrigerator concerning the 1st example is formed in the 2nd displacer 19. 

It is in the composition of the fluid channel 41 of the gaseous helium in which the cold reserving 
material 24 is accommodated. 

■ 

As shown in Drawing 9 . in the fluid channel 41, the spherical cold reserving material 24 and the 
mesh 47 are accommodated. 

The cold reserving material 24 and the mesh 47 are laminated by turns by the flow of gaseous 
helium in rectangular directions. 

Since the channel of gaseous helium is equalized by the portion of a mesh as it is such 
composition, compared with the former, the bias of the flow of gaseous helium can be decreased 
substantially. Therefore, the cool storage efficiency by the cold reserving material 24 can be 
raised, and improvement in refrigerating capacity can be aimed at 

The measurement result of the velocity distribution within the cold reserving material of gaseous 
helium in the fluid channel of this invention shown in the fluid channel and Drawing 9 of the 
former shown in Drawing 12 is shown in Drawing 10. This is the result of also making equal the 
quantity, the shape, the size, and construction material of the outer diameter and cold reserving 
material of a fluid channel, and measuring it by ordinary temperature and a state of rest Although 
it differs from a actual service condition (very low temperature, reciprocation), it turns out that 
the velocity distribution of gaseous helium is approaching uniformly. Although this tendency used 
a mesh for the spacer in this example considered to be reflected also on a service condition, 
glass wool etc. may be sufficient as it 

Although three examples mentioned above constitute only the fluid channel in which the cold 
reserving material in the 2nd displacer is accommodated from the fluid channel shown in Drawing 
2nd [ the ], 6, and 9, the inside of the fluid channel established in the 1st displacer may also 
consist of fluid channels shown in Drawing 2nd [ the ], 6, and 9. Also in the cryogenic refrigerator 
of composition so that it may have the 3rd and 4th displacer, it is applicable. It is good also as 
composition of the fluid channel of this invention which mentioned above the shape of the fluid 
channel where the regenerator which accommodates a displacer and a cold reserving material 
accommodated a cold reserving material also in the cryogenic refrigerator of the mold which is 
not united like this example. This example described the typical freezer of the Gifford McMahon 
type in the cryogenic refrigerator, and it is applied also to the cryogenic refrigerator of the 
advanced Solvay cycle, a Stirling cycle, and a BIRUMIYA cycle. 
[Effect of the Invention] 

As stated above, in this invention, the bias of the flow of gaseous helium within a cold reserving 
material can be decreased substantially. 

Therefore, improvement in cool storage efficiency can be realized and refrigerating capacity can 
be raised. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

Drawing 1 . Drawing 5 . the lineblock diagram that Drawing 8 carries out notching of the cryogenic 
refrigerator concerning the example of this invention locally, and is shown, Drawing 2 . Drawing 6 . 
the sectional view of the 2nd displacer with which Drawing 9 was built into the like-pole 
low-temperature freezer, The figure showing the characteristic of the cryogenic refrigerator 
which Drawing 3 . Drawing 4. Drawing 7 . and Drawing 10 require for this invention as compared 
with it of the conventional cryogenic refrigerator, the outline lineblock diagram of the cryogenic 
refrigerator of the former [ Drawing /II], and Drawing 12 are sectional views of the 2nd 
displacer built into the like-pole low-temperature freezer. 

1 .... A cold head, 2 .... A refrigerant-gas guiding-and-ejection system, 1 1 .... Cylinder, 12 .... A 
displacer, 13 .... A motor, 14 .... The 1st cylinder, 15 .... The 2nd cylinder, 16 .... The 1st stage, 17 
.... The 2nd stage, 1 8 [ .... A cold reserving material, 27 / .... A circular sulcus, 39 / .... The 1 st 
expansion chamber, 40 / .... The 2nd expansion chamber, 41, 43, 44 / .... A fluid channel, 42 / .... 
A pipe, 47 / .... Mesh. ] .... The 1st displacer, 19 .... The 2nd displacer, 21, 23 .... A fluid channel, 
22, 24, 45, 46 
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